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Abstract of JP3286524 

PURPOSETo reduce a contact resistance by 
a method wherein an insulating film is formed 
on a silicon substrate on which a prescribed 
region has been formed, a contact hole Is 
made, a damage layer to be introduced into 
the surface of the substrate is removed, the 
edge of the contact hole is removed and an 
aluminum alloy electrode film containing silicon 
is formed on the surface of the substrate. 
CONSTITUTION:N-type regions 2, 3 
constituting a source and a drain, a gate 
insulating film 4, a gate electrode 5 and an 
interlayer insulating film 6 are formed on the 
surface of a P-type silicon substrate 1 . A 
photoresist 7 is deposited on the interlayer 
insulating film 6; after that, openings 7a, 7b are 
formed; a reactive etching operation is 
executed by making use of it as a mask; 
contact holes 6a, 6b are formed in the 
interlayer insulating film 6. Then, a prescribed 
aqueous solution of ammonia, hydrogen 
peroxide and water is made to act; a damage 
layer formed on the substrate 1 is removed; 
the smooth face of the silicon substrate is 
exposed; gentle tapers are made at edges of 
the contact holes. After a cleaning operation 
by pure water, an aluminum alloy electrode 
film 8 containing silicon is sputtered and vapor- 
deposited; it is patterned. Desired 
interconnections 8a, 8b are formed. 
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Method for Manufacturing Semiconductor Device 
2. Scope of Claim 

1. A method for manufacturing a semiconductor device, characterized by 
5 comprising the steps of: 

forming an insulating film over a silicon substrate in which a predetermined 
region is formed; 

forming a contact hole in this insulating film; 

removing a damage layer which is introduced to a surface portion of the silicon 
10 substrate during formation of this contact hole to expose a flat and smooth surface of the 
silicon substrate, and removing an edge of the contact hole in the insulating layer, so 
that the edge gently tapers; and 

forming an aluminum alloy electrode film containing silicon over the insulating 
film and on the surface portion of the silicon substrate via the contact hole. 

15 

2. A method for manufacturing a semiconductor device, according to claim 1, 
characterized by further comprising the steps of: 

forming a silicon oxide film having a thickness which is about the same as that 
of a natural oxide film on a flat and smooth surface of the silicon substrate after the 
20 damage layer formed on the surface portion of the silicon substrate via the contact hole; 
and 

reducing the silicon oxide film by aluminum by a heat treatment after the 
aluminum alloy electrode film containing silicon is formed. 

25 3. A method for manufacturing a semiconductor device, characterized by 

comprising the steps of: 

forming an insulating film over a silicon substrate in which a predetermined 
region is formed; 

forming a contact hole in this insulating film by reactive ion etching; 
30 applying a solution containing ammonia and hydrogen peroxide to a surface 
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portion of the silicon substrate which is exposed through this contact hole and an edge 
of the contact hole which is formed in the insulating film to remove a damage layer 
which is introduced to a surface of the silicon substrate during formation of the contact 
hole by the reactive ion etching, and to remove the edge of the contact hole, so that the 
5 edge of the contact hole gently tapers; 

forming a silicon oxide film having a thickness which is about the same as that 
of a natural oxide film on the surface portion of the silicon substrate which is exposed 
through the contact hole; 

forming an aluminum alloy electrode film containing silicon over the silicon 
10 oxide film via the contact hole; and 

reducing silicon oxide forming the silicon oxide film by aluminum forming the 
electrode film by a heat treatment, so that the silicon oxide is metamorphosed into 
silicon. 

15 3. Detailed Description of the Invention 

(Field of Industrial Application) 

The present invention relates to a semiconductor device and a method for 

manufacturing the same, in particular, a semiconductor device provided with an 

electrode film formed of an aluminum alloy containing silicon which is in contact with 
20 a silicon substrate through a contact hole opened in an insulating film formed on a 

surface of the silicon substrate, and a method for manufacturing the same. 

(Prior Art) 

As described above, a semiconductor device in which a region formed in a 
25 silicon substrate and an electrode film for a wiring are made to be connected to each 
other through a contact hole opened in an insulating film is known and has been widely 
used. As the electrode film of such a semiconductor device, aluminum has been 
widely used. However, when pure aluminum is used, silicon is dispersed into an 
aluminum electrode film from the silicon substrate when a heat treatment is performed 
30 after formation of the electrode film, and aluminum is dispersed into the silicon 
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substrate and an alloy pit passing through the region formed in the silicon substrate and 
reaching a substrate portion might be formed; accordingly, element characteristics are 
damaged. In order to prevent such interdiffusion of aluminum and silicon through the 
contact hole, an aluminum alloy containing silicon, for example, AlSi, AlCuSi, or 
5 AlPdSi, is known as a material for the electrode film for the wiring. In this case, since 
solid solubility of silicon in aluminum is about 0.25 - 0.5 wt% at 350 ^ 400°C, an 
aluminum alloy containing silicon at about 1 wt% has been generally used to be on the 
safe side. 

In the case of using an aluminum alloy electrode film containing silicon as 

10 described above, there are problems in that the aspect ratio of a contact hole (the ratio of 
depth to wide of the contact hole) becomes high with decrease in minimum width of the 
contact hole, so that coverage with the aluminum alloy electrode film is decreased and 
step breakage of the electrode film easily occurs. That is, when the aspect ratio of the 
contact hole becomes high, the step breakage of the electrode film easily occurs at an 

15 edge of the contact hole. 

In addition, in forming the contact hole in the insulating film, anisotropic 
etching such as reactive ion etching is generally performed in order to avoid increase in 
size of the contact hole. However, there is a defect in that ions accelerated during this 
reactive ion etching collide with a surface of the silicon substrate, so that a damage 

20 layer is formed, and when the aluminum alloy electrode film is formed over this damage 
layer, an ohmic contact cannot be obtained and the contact resistance is increased. 

Furthermore, in the case where the aluminum electrode film containing silicon 
is stacked via the contact hole, it is known that, when heating is performed in various 
subsequent steps, a phenomenon of precipitating silicon at an interface between the 

25 silicon substrate and the electrode film occurs. As described above, in order to remove 
the damage layer formed on the surface of the silicon substrate, a treatment of the 
surface of the silicon substrate with the use of diluted hydrofluoric acid after formation 
of the contact hole by dry etching is known. However, it was confirmed that if such a 
treatment is performed, precipitation of silicon becomes tremendous and the contact 

30 resistance is rather increased. 
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Such precipitation of silicon is based on solid-phase epitaxial growth that is 
generated during the heat treatment after formation of the aluminum alloy electrode film, 
and there is a defect in that the contact resistance is undesirably increased due to the 
precipitation of silicon. In a general wiring process, a heat treatment at temperatures 
5 of 350 - 450^^0 for several hours is performed centering on a step of forming an 
interlayer insulating film; therefore, precipitation of silicon cannot be avoided. In this 
case, when a minimum width of the contact hole, that is, a length of one side in the case 
where the contact hole is a square, a length of a short side in the case of a rectangle, a 
diameter in the case of a circular form, or a length of a short axis in the case of an 

10 ellipse, is large, silicon precipitates do not cover whole minimum width of a portion at 
which the silicon substrate and the electrode film are in contact with each other; 
therefore, increase in contact resistance is not really a big problem. However, in the 
case where the minimum width of the contact hole is small, for example, 1 ^im, increase 
in contact resistance cannot be disregarded. In particular, miniaturization of an 

15 element has been advanced in recent years and a minimum width of a contact hole tends 
to be extremely small; therefore, increase in contact resistance resulted from 
precipitation of silicon due to solid-phase epitaxial at the interface between the silicon 
substrate and the electrode film cannot be disregarded. For example, in the case where 
the contact hole is a square, if a side is longer than 1 .5 jim, precipitation of silicon is not 

20 a big problem; however, if the side is shorter than 1.2 ^im, increase in contact resistance 
due to precipitation of silicon cannot be disregarded any longer. Thus, in a 
conventional semiconductor device, in the case where the minimum width of the contact 
hole is less than or equal to 1 [xm, a barrier metal is formed between the silicon substrate 
and the electrode film so that silicon is not precipitated during the heat treatment after 

25 the aluminum wiring electrode film containing silicon is stacked. As such a barrier 
metal, a high melting point metal such as tungsten, molybdenum, or titanium, or silicide 
or nitride thereof is used. However, if such a barrier metal is interposed between the 
silicon substrate and the electrode film, the total number of manufacturing steps is 
increased by that, which causes a defect in that throughput is decreased. In addition, 

30 such a high melting point metals is hard and has high stress, thereby peeling or causing 
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deterioration of the element characteristics. Thus, a semiconductor device has been 
proposed, in which the aluminum electrode film containing silicon is made to be 
directly in contact with the silicon substrate without using the barrier metal even if the 
minimum width of the contact hole is as small as less than or equal to 1 fxm. 
5 For example, in Japanese Published Patent Application No. 861-285,762 issued 

on December 16, 1986, a semiconductor device is disclosed, in which an extremely thin 
insulating film is formed on a surface of a silicon substrate and an aluminum electrode 
film containing silicon is formed over this insulating film. This insulating film is 
formed of silicon oxide or silicon nitride. The thickness thereof is the order of 10 A, 

10 and electrical conduction between the silicon substrate and the electrode film is 
obtained by the tunneling effect. 

In addition, also in Japanese Published Patent Application No. 862-260,320 
issued on November 12, 1987, a semiconductor device is disclosed, in which an 
extremely thin silicon oxide film with a thickness of less than or equal to 20 A is formed 

15 on a surface of a silicon substrate and an aluminum electrode film containing silicon is 
formed over this silicon oxide film. Also in this semiconductor device, electrical 
conduction between the silicon substrate and the electrode film is achieved by the 
tunneling effect in which carriers pass through the silicon oxide film. 

20 (Problems to be Solved by the Invention) 

As described above, the semiconductor device using the aluminum electrode 
film containing silicon as the wiring has the defect in that silicon is precipitated in the 
contact hole due to solid-phase epitaxial when the electrode film is made to be directly 
in contact with the surface of the silicon substrate, which causes increase in contact 

25 resistance. In particular, there is a problem in that the rate of increase in contact 
resistance becomes significantly high and the yield is substantially decreased when 
miniaturization progresses and the minimum width of the contact hole becomes small, 
which is less than or equal to 1 jxm. The semiconductor device in which the barrier 
metal is interposed between the silicon substrate and the electrode film in order to solve 

30 such a defect has a defect in that an extra step of depositing the barrier metal is 
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necessary, which causes decrease in throughput. In addition, in the case where 
tungsten or molybdenum is used as the barrier metal, there is a defect in that a value of 
the contact resistance differs depending on a conductivity type of a region formed in the 
silicon substrate, and accordingly, it becomes difficult to obtain an element having 
5 optimal electronic characteristics. Moreover, the barrier metal has a defect in that the 
barrier metal is easily peeled due to its high hardness and high stress and its element 
characteristics are damaged. In particular, reactive sputtering is employed in the case 
where titanium, or nitride or silicide thereof is deposited as the barrier metal; however, 
there is a defect in that it is very difficult to control a nitrogen gas at this time, a 

10 favorable barrier metal film cannot be formed, and peeling or increase in contact 
resistance is caused. 

In addition, in the above-described semiconductor devices disclosed in 
Japanese Published Patent Application No. 861-285,762 and Japanese Published Patent 
Application No. 862-260,320, the silicon oxide film or the silicon nitride film is formed 

15 between the silicon substrate and the electrode film to stop precipitation of silicon, and 
the thickness thereof is extremely thin enough for carriers to pass through by the 
tunneling effect; however, it is actually very difficult to stably form such a thin silicon 
oxide or silicon nitride film as described above. In particular, in the case where an 
interlayer insulating film formed of PGS, BPSG, or the like is formed over the silicon 

20 substrate; a resist pattern is formed over this insulating film by a photolithography 
technique; and reactive ion etching is performed using this resist pattern as a mask, so 
that a contact hole is formed, a damage layer is formed on the surface of the silicon 
substrate after accelerated ions collide with the surface to damage the surface. It is 
very difficult to form a stable silicon oxide film or silicon nitride film over such a 

25 damage layer. Thus, precipitation of silicon cannot be certainly stopped, or the silicon 
oxide film or the silicon nitride film is too thick, so that the contact resistance is 
increased. Furthermore, although electrical conduction between the silicon substrate 
and the electrode film is achieved by the tunneling effect since the silicon oxide film or 
the silicon nitride film remains also in an element which is a completed end-product, 

30 there is a defect in that an ohmic contact cannot be obtained and the contact resistance is 
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increased because such a silicon oxide or silicon nitride film is an insulating film and a 
partition wall through which carriers should pass becomes high. 

Furthermore, a conventional method for manufacturing a semiconductor device 
has a problem in that the contact resistance is increased because a damage layer is 
5 formed on a surface of a silicon substrate in dry etching when a contact hole is formed 
in an insulating film. If the surface of the silicon substrate is processed with diluted 
hydrofluoric acid after formation of the contact hole in order to remove such a damage 
layer, there is a defect in that the above-described precipitation of silicon becomes 
tremendous and the contact resistance is rather increased. 

10 Moreover, in the case where the contact hole is formed in the insulating film by 

reactive ion etching, an opening edge of the contact hole is approximately 90*^, and there 
is a defect in that step breakage of an aluminum alloy electrode film easily occurs when 
the aluminum alloy electrode film is formed. 

An object of the present invention is to provide a method for manufacturing a 

15 semiconductor device, with the above-described conventional defects removed, in 
which step breakage of an aluminum alloy electrode film at an edge of a contact hole 
does not occur even when the aspect ratio of the contact hole is increased and increase 
in contact resistance due to a damage layer which is introduced in forming the contact 
hole can be avoided. 

20 Another object of the present invention is to provide a method which is capable 

of manufacturing a semiconductor device with high throughput, in which silicon is not 
precipitated at an interface between a silicon substrate and an electrode film which is 
formed of an aluminum alloy containing silicon, without interposing a barrier metal 
therebetween, thereby having predetermined low and stable contact resistance. 

25 

(Means and Effect for Solving the Problem) 

A method for manufacturing a semiconductor device of the present invention is 
characterized by being provided with the steps of: forming an insulating film over a 
silicon substrate in which a predetermined region is formed; forming a contact hole in 
30 this insulating film; removing a damage layer which is introduced to a surface portion 
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of the silicon substrate during formation of this contact hole to expose a flat and smooth 
surface of the silicon substrate, and removing an edge of the contact hole in the 
insulating film, so that the edge gently tapers; and forming an aluminum alloy electrode 
film containing silicon over the insulating film and on the surface portion of the silicon 
5 substrate via the contact hole. 

By such a manufacturing method of the present invention, the aluminum alloy 
electrode film containing silicon is formed on the surface of the silicon substrate with 
high flatness and high crystallinity after the damage layer which is introduced in 
forming the contact hole is removed; therefore, an ohmic contact which has low 

10 resistance and high uniformity can be obtained. In addition, since the edge of the 
contact hole formed in the electrode film can be removed, so that the edge gently tapers 
at the same time as removing the damage layer, coverage with the electrode film is 
improved and step breakage of the electrode film does not occur 

In a preferable embodiment of the present invention, after a damage layer 

15 formed on a surface portion of a silicon substrate via a contact hole is removed, a silicon 
oxide film with a thickness which is about the same as that of a natural oxide film is 
formed on the surface of the silicon substrate which has become flat and smooth, and 
thereafter, an aluminum alloy electrode film is formed, and the silicon oxide film is 
reduced by aluminum by a heat treatment. 

20 According to such a manufacturing method of the present invention, for 

example, even if the surface of the silicon substrate is damaged due to formation of the 
contact hole in the insulating film by reactive ion etching, the silicon oxide film for 
stopping precipitation of silicon contained in the aluminum alloy is formed after this 
damage layer is removed, and this silicon oxide film can be formed to be extremely thin 

25 and uniform. Therefore, subsequent precipitation of silicon can be effectively 
prevented; accordingly, increase in contact resistance can be certainly avoided. 

In addition, although the silicon oxide film is reduced by a heat treatment after 
the aluminum alloy electrode film containing silicon is formed, this heat treatment is 
generally performed in a wiring process; therefore, it is not necessary for a particular 

30 heat treatment to be performed. However, it is needless to say that a separate heat 
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treatment may be performed in the case where the original manufacturing process does 
not include such a heat treatment. According to such a method of the present 
invention, the silicon oxide film for stopping precipitation of silicon does not exist in a 
completed semiconductor device and the electrode film is directly in contact with the 
5 silicon substrate; accordingly, an undesired phenomenon such as increase in contact 
resistance due to the remaining silicon oxide film does not occur. Moreover, although 
aluminum oxide (AI2O3) and silicon are generated when silicon oxide is reduced, these 
components are diffused into the aluminum electrode film and do not remain at an 
interface between the silicon substrate and the electrode film; thus, the contact 

10 resistance is not increased due to this reduction step. 

Moreover, although the silicon oxide film is formed on the surface of the 
silicon substrate after the damage layer is removed, it is preferable that a formation step 
of this silicon oxide film be a step of forming a silicon oxide film to be as thick as a 
natural oxide film. The thickness of this natural oxide film is approximately 20 A. 

15 Various methods can be employed as a method for forming such an extremely thin 
silicon oxide film. For example, a solution containing hydrogen chloride and 
hydrogen peroxide is applied, ultrasonic vibration is applied in pure water, heating in 
hot water is performed, or heating in an atmosphere containing an oxygen gas is 
performed, so that an extremely thin silicon oxide film with a thickness of 

20 approximately 20 A can be formed. 

A method for manufacturing a semiconductor device of the present invention is 
characterized by being further provided with the steps of: forming an insulating film 
over a silicon substrate in which a predetermined region is formed; forming a contact 
hole in this insulating film by reactive ion etching; applying a solution containing 

25 ammonia and hydrogen peroxide to a surface portion of the silicon substrate which is 
exposed through this contact hole and an edge of the contact hole which is formed in the 
insulating film to remove a damage layer which is introduced to a surface of the silicon 
substrate during formation of the contact hole by the reactive ion etching, and to remove 
the edge of the contact hole, so that the edge of the contact hole gently tapers; forming a 

30 silicon oxide film having a thickness which is about the same as that of a natural oxide 
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film on the surface portion of the silicon substrate which is exposed through the contact 
hole; forming an aluminum alloy electrode film containing silicon over the silicon oxide 
film via the contact hole; and reducing silicon oxide forming the silicon oxide film by 
aluminum forming the electrode film by a heat treatment, so that the silicon oxide is 
5 metamorphosed into silicon. 

In the semiconductor device manufactured by such a method of the present 
invention, since the edge of the contact hole gently tapers, step breakage of the 
aluminum alloy electrode film does not occur and not only a damage layer does not 
exist at the interface between the silicon substrate and the aluminum alloy electrode film 
10 containing silicon, but also silicon precipitates do not actually exist; thus, the contact 
resistance becomes a predetermined low value and element characteristics can be 
improved. 

As described above, in the case where the minimum width of the contact hole 
is larger than approximately 1.2 [im, even if silicon is precipitated at the interface 

15 between the silicon substrate and the electrode film due to solid-phase epitaxial, the 
contact resistance is not undesirably increased; therefore, it is preferable that the 
minimum width of the contact hole formed in the insulating film be approximately less 
than or equal to 1.2 pim. 

According to such a manufacturing method of the present invention, after the 

20 contact hole is formed by reactive ion etching, the introduced damage layer is removed 
by light etching with the solution containing ammonia and hydrogen peroxide, and the 
insulating film is removed so that the edge of the contact hole can gently taper. 
Thereafter, furthermore, at least one of a treatment in which a solution containing 
hydrofluoric acid and hydrogen peroxide is applied and a treatment in which an 

25 ultrasonic wave is applied while being soaked in a hydrogen peroxide solution is 
performed. Accordingly, an extremely thin silicon oxide film with a thickness of 
approximately 20 A can be stably formed. The solution containing ammonia and 
hydrogen peroxide that is an etchant for removing the insulating film as well as 
removing the damage layer is an etchant which is generally used for removing an 

30 organic matter in manufacture of a semiconductor device and is easily available. It is 

11/20 


English Translation of JP H3-286524 


conventionally known that the surface of the silicon substrate is processed with a diluted 
hydrofluoric acid solution after ion etching, in order to remove the damage layer by 
reactive ion etching. However, it was confirmed that, as hereinafter explained in detail, 
precipitation of silicon due to solid-phase epitaxial becomes tremendous and the contact 
5 resistance is significantly increased when the aluminum electrode film containing 
silicon is stacked either after a treatment with a diluted hydrofluoric acid solution after 
ion etching, or after a treatment with the above-described solution containing ammonia 
and hydrogen peroxide, a treatment with a solution containing hydrochloric acid and 
hydrogen peroxide, and then a treatment with a diluted hydrofluoric acid solution. In 

10 the present invention, the aluminum electrode film containing silicon is not formed 
immediately after the damage layer is removed with the solution containing ammonia 
and hydrogen peroxide, but the aluminum electrode film containing silicon is stacked 
after the treatment with the solution containing hydrochloric acid and hydrogen 
peroxide, and furthermore, formation of an extremely thin and stable silicon oxide film 

15 on the surface of the silicon substrate by the ultrasonic wave which is applied in the 
hydrogen peroxide solution. Accordingly, it was confirmed that silicon is not 
precipitated by a subsequent heat treatment and the value of the contact resistance can 
be kept low. In such a method of the present invention, a mechanism has not been 
clearly found out, in which the extremely thin silicon oxide film is stably formed, after 

20 the treatment with the solution containing ammonia and hydrogen peroxide, by both or 
either one of the treatment in which the solution containing hydrochloric acid and 
hydrogen peroxide is applied or the treatment in which the ultrasonic wave is applied in 
pure water. However, it is estimated that, from the experiment result, hydrogen 
chloride and hydrogen peroxide mainly contribute to oxidation of silicon and the 

25 ultrasonic wave performs oxidation of silicon and physically removes residues 
remaining on the surface of the silicon substrate. 

Hereinafter, the present invention is explained in detail based on embodiments. 
However, the present invention is not limited to only embodiments, and it is needless to 
say that many changes or modifications are possible. 

30 
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(Embodiment) 

FIG. 1 are cross-sectional views illustrating states in sequential steps in one 
embodiment of a method for manufacturing a semiconductor device by the present 
invention. In this embodiment, an N-channel MOSFET is manufactured. First, as 
5 shown in FIG lA, N-type regions 2 and 3 forming a source and a drain are formed at a 
surface of a P-type silicon substrate 1, a gate insulating film 4 is formed over a channel 
between these source and drain, a gate electrode 5 is formed over this gate insulating 
film, and an interlayer insulating film 6 is formed on the surface of this gate electrode 
and the silicon substrate. Although this interlayer insulating film 6 is formed using 

10 PSG (Phospho Silicate Glass) in this embodiment, the interlayer insulating film 6 can 
also be formed using another insulating material, for example, BPSG (Boro Phospho 
Silicate Glass), silicon oxide, silicon nitride, or the like in the present invention. The 
steps up to this step are the same as the conventional ones; therefore, a further detailed 
explanation is not given. Next, as shown in FIG. IB, after a photoresist 7 is stacked 

15 over the interlayer insulating film 6, the photoresists in portions where contact holes are 
formed for the regions 2 and 3 forming the source and drain are selectively removed to 
form openings 7a and 7b. Although a contact hole for the gate electrode 5 is also 
formed at the same time by this treatment, contact between the gate electrode and an 
aluminum alloy electrode film is not an object of the present invention; thus, the 

20 explanation thereof is omitted although it is shown in the drawing. 

Reactive ion etching is performed using the photoresist 7 in which the openings 
are formed in this manner as a mask, so that contact holes 6a and 6b for the source and 
drain are formed in the interlayer insulating film 6, as shown in FIG IC. In this 
embodiment, these contact holes 6a and 6b are squares and the length of a side is 1 \im. 

25 However, the shape of the contact hole is not limited to a square, and any shapes such as 
a circular form, an ellipse, and a rectangle can be employed. In this case, increase in 
contact resistance due to precipitation of silicon becomes problematic when the 
minimum width of the contact hole is approximately less than or equal to 1.2 \im. The 
surface of the silicon substrate 1 is damaged due to collision of accelerated ions by this 

30 reactive ion etching treatment, and damage layers la and lb are formed on the surface 
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of the silicon substrate 1 that is exposed through the contact holes 6a and 6b. 
Although the damage layers la and lb are, in practice, extremely thin, they are made 
thick in FIG. IC in order to make the drawing clear. It is known that the exposed 
surface of the silicon substrate 1 is processed with diluted hydrofluoric acid in order to 
5 remove such damage layers la and lb introduced by reactive ion etching for forming 
the contact holes. However, it was confirmed that when an aluminum electrode film 
containing silicon is formed after performing such a treatment with diluted hydrofluoric 
acid, silicon is precipitated in a subsequent heat treatment and the contact resistance is 
tremendously increased. In this embodiment, in order to avoid such precipitation of 

10 silicon, after the contact holes 6a and 6b are formed in the interlayer insulating film 6, a 
first solution which contains ammonia, hydrogen peroxide, and water at a volume ratio 
of 1:1:5 and is heated to be 85°C is applied for 10 minutes. By this treatment, as 
shown in FIG. ID, the damage layers la and lb formed on the silicon substrate 1 are 
removed and a flat and smooth surface of the silicon substrate is exposed through the 

15 contact holes 6a and 6b, and edges of the contact holes gently taper. That is, each of 
the edges of the contact holes 6a and 6b has an angle of 90° before this treatment is 
performed, whereas the angle becomes approximately 120° after the treatment. 

Next, after sufficient washing with pure water, as shown in FIG, IE, an 
aluminum alloy electrode film 8 containing silicon is evaporated by sputtering, and 

20 furthermore, this aluminum alloy electrode film is pattered; accordingly, desired wirings 
8a and 8b are formed as shown in FIG IF, 

The contact resistance of a semiconductor device manufactured by such a 
method becomes sufficiently low and step breakage of the aluminum alloy electrode 
film does not occur. The reason is considered as follows: the damage layer on the 

25 surface of the silicon substrate that is exposed through the contact hole is removed, the 
silicon substrate has high flatness and high crystallinity, and the aluminum alloy 
electrode film stacked thereover, so that an ohmic contact with low resistance and high 
uniformity can be obtained. 

In another embodiment of the present invention, after the damage layers la and 

30 lb introduced in forming the contact holes are removed and the edges of the contact 
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holes are removed so as to taper, that is, the steps up to the step shown in FIG ID are 
performed, a second solution which contains hydrochloric acid, hydrogen peroxide, and 
water at a volume ratio of 1:1:5 and is heated to be 70'' C is applied for 7 minutes, and 
furthermore, an ultrasonic wave of 1 MHz is applied while being soaked in 
5 room-temperature pure water for 10 minutes. Although the effects of these first and 
second solutions and vibration of the ultrasonic wave have not been clearly found out, 
the following is estimated: the damage layers la and lb formed on the exposed surface 
of the silicon substrate 1 are removed by etching with the first solution, so that a silicon 
surface which is flat, smooth, and clean is exposed, a silicon oxide film which is 

10 extremely thin but has a uniform thickness is formed on the clean silicon surface with 
the second solution, and dust remaining on the exposed surface of the silicon substrate 
is removed by washing with the ultrasonic wave. The thickness of the silicon oxide 
film which is formed on the surface of the silicon substrate by such a treatment is about 
the same as that of a natural oxide film and is in a range of 10 - 50 A. 

15 After the treatments as described above are performed, the aluminum alloy 

electrode film 8 containing silicon is stacked by sputtering in a similar manner to the 
former embodiment. Thereafter, a treatment such as formation of the interlayer 
insulating film is performed, and a heat treatment at a temperature of approximately 
400°C for about 3 hours is performed at this time. In conventional ways, solid-phase 

20 epitaxial growth has occurred by this heat treatment and silicon has been precipitated at 
an interface between the silicon substrate 1 and the aluminum alloy electrode film 8, 
whereas in the present invention, precipitation of silicon was not seen at all. 
Precipitation of silicon during a heat treatment is generated intensively in a silicon 
island as a nucleus which is formed on the surface of the silicon substrate during 

25 sputtering of the aluminum alloy. However, in the present invention, when the 
aluminum alloy electrode film 8 is stacked by sputtering, the thin silicon oxide film is 
formed on the surface of the silicon substrate 1 that is exposed in the contact holes 6a 
and 6b, and this silicon oxide film operates as a barrier for generation of a silicon 
nucleus, and thus, an island-shaped nucleus of silicon is not formed during sputtering; 

30 therefore, it is estimated that silicon is not precipitated also in a subsequent heat 
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treatment. As described above, by the present invention, even when the heat treatment 
is performed after the electrode film 8 formed of an aluminum alloy containing silicon 
is formed, silicon is not precipitated at the interface between the surface of the silicon 
substrate and the electrode film and increase in contact resistance is not caused. In this 
5 embodiment, since the silicon oxide film existing between silicon and the aluminum 
electrode film is reduced by aluminum that is an electrode material in the heat treatment 
after forming the electrode film 8 formed of the aluminum alloy, this silicon oxide film 
seldom exists in a completed element. That is, the following chemical reaction occurs, 
so that the silicon oxide film disappears. 

10 4A1 + 3Si02 2AI2O3 + 3Si 

It was confirmed that, in this case, aluminum oxide or silicon generated by reduction 
does not remain at the interface between the silicon substrate and the electrode film and 
is dispersed inside the electrode film through a grain boundary of aluminum. As 
described above, in the semiconductor device manufactured by the method of the 

15 present invention, the silicon oxide film does not exist at the interface between the 
silicon substrate and the aluminum alloy electrode film, and precipitation of silicon due 
to solid-phase epitaxial growth is not seen, and also, precipitation of another insulator 
which increases the contact resistance is not seen. 

Next, in order to clarify a difference between prevention of precipitation of 

20 silicon in the present invention and that in a conventional example, the following three 
types of semiconductor devices were manufactured and the characteristics thereof were 
examined: a semiconductor device (this semiconductor device is hereinafter referred to 
as Sample 1) which was manufactured by the method of the present invention, in which 
after light etching with the first solution containing ammonia and hydrogen peroxide 

25 was performed, the treatment with the second solution containing hydrochloric acid and 
hydrogen peroxide and the ultrasonic wave treatment in pure water were performed, so 
that the electrode film formed of the aluminum alloy containing silicon was formed by 
sputtering, as in the above-described embodiment of the present invention; a 
semiconductor device (referred to as Sample 2) in which an electrode film formed of an 

30 aluminum alloy was stacked by sputtering after etching with a solution containing 
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diluted hydrofluoric acid, as in a conventional one; and a semiconductor device 
(referred to as Sample 3) in which an electrode film formed of an aluminum alloy was 
stacked by sputtering after light etching with a solution containing ammonia and 
hydrogen peroxide and a solution containing hydrochloric acid and hydrogen peroxide, 
5 and furthermore, after etching with a diluted hydrofluoric acid solution was performed. 
In these samples, a shape of a contact hole was a square and a length of a side was 1 |jim. 
First, according to the analysis of Samples 1 to 3 by a SIMS (Secondary Ion Mass 
Spectrometry) method, after formation of the aluminum alloy electrode film and before 
the heat treatment, the silicon oxide film was formed on the surface of the silicon 

10 substrate in Sample 1 of the present invention, whereas formation of the silicon oxide 
film was not seen in Samples 2 and 3. 

In addition, when each scanning electron micrographs of the interface between 
the silicon substrate and the electrode film in Sample 1 and Sample 2 after the heat 
treatment were taken, precipitation of silicon at the interface between the silicon 

15 substrate and the aluminum alloy electrode film was not seen at all in the semiconductor 
device manufactured by the method of the present invention, whereas substantially large 
silicon precipitates were seen in the contact hole in Sample 2. Moreover, in the 
semiconductor device manufactured by the method of the present invention, a large 
number of silicon precipitates were seen on the interlayer insulating film. On the other 

20 hand, the silicon precipitates were seldom seen on the interlayer insulating film in 
Sample 2, and it was confirmed that most of the silicon precipitates were inside the 
contact hole. 

When 56 chips are manufactured from one silicon wafer and a histogram in 
which the value of the contact resistance of each chip is used as parameter is formed, in 

25 Sample 3, the value of the contact resistance varied and a great number of chips having 
high contact resistance of greater than or equal to 1000 Q were seen. As described 
above, it was found that, the contact resistance of more than half of the chips was 
increased to be useless among the chips in which the treatment with diluted hydrofluoric 
acid was performed as in the conventional one after formation of the contact hole by dry 

30 etching. In addition, according to the measurement results of Sample 1 and Sample 2, 
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it was confirmed that variation in contact resistance is large in Sample 2 although there 
is a little difference depending on a time period of the light etching with the solution 
containing ammonia and hydrogen peroxide, and the contact resistance was 
concentrated on approximately 150 to 750 Q in the case of performing light etching for 
5 10 minute, for example. Furthermore, it was found that the contact resistance was 
concentrated in a range of 100 to 400 Q also in the case of performing the light etching 
treatment for 15 to 20 minutes. On the other hand, in Sample 1 by the present 
invention, in the cases of performing the light etching treatment for more than 7 minutes, 
the contact resistance of all the cases was less than or equal to 10 Q, and the average 

10 value was approximately less than or equal to 5 Q, Moreover, it was found that the 
contact resistance of most of the chips was approximately less than or equal to 80 Q 
also in the case of performing the light etching treatment for 4 minutes, and thus the 
yield can be significantly improved. However, it was confirmed that the light etching 
treatment is preferably performed for more than 7 minutes so that the edge of the 

15 contact hole tapers and coverage with the electrode film is improved. 

In the above-described experiment, in Sample 1 by the present invention, in a 
similar manner to the above-described embodiment, after the contact hole was formed, 
the treatment with the solution containing ammonia and hydrogen peroxide was 
performed, and subsequently, the treatment with the solution containing hydrogen 

20 chloride and hydrogen peroxide was performed, and then, the ultrasonic wave was 
applied in pure water. However, precipitation of silicon was not seen even if the order 
of the treatment using the solution containing hydrogen chloride and hydrogen peroxide 
and the ultrasonic wave treatment in pure water was reversed, and also, even in the case 
of either one of the treatments is performed, after the treatment with the solution 

25 containing ammonia and hydrogen peroxide was performed. 

The present invention is not limited to only the above-described embodiments, 
and various changes and modifications can be added. For example, although the 
aluminum alloy containing silicon was used as the electrode film in each of the 
above-described embodiments, an aluminum alloy containing copper or palladium such 

30 as AlCuSi or AlPdSi can be used. Furthermore, the aluminum alloy electrode film can 
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be stacked by Al-CVD or electron beam evaporation as well as sputtering. Also, 
removal of the damage layer introduced by formation of the contact hole and formation 
of the natural oxide film are not limited to the treatment with the solution containing 
ammonia and hydrogen peroxide, the treatment with the solution containing 
5 hydrochloric acid and hydrogen peroxide, and the ultrasonic wave washing treatment in 
pure water which are used in the above-described embodiment. Various etching 
solutions or washing treatments can also be utilized. 

(Effect of the Invention) 

10 In the above-described manufacturing method of the semiconductor device of 

the present invention, the aluminum alloy electrode film containing silicon is formed 
after the damage layer introduced in forming the contact hole is removed to make the 
surface of the silicon substrate flat and smooth; accordingly, a favorable ohmic contact 
can be obtained between the silicon substrate and the electrode film formed of the 

15 aluminum alloy containing silicon, and the contact resistance is low. In addition, in the 
manufacturing method of the present invention, in which the silicon oxide film is 
formed, after the surface of the silicon substrate is made to be flat and smooth, the 
silicon oxide film operates as a barrier for formation of a silicon nucleus. Thus, 
precipitation of silicon does not substantially exist at the interface between the silicon 

20 substrate and the electrode film, and in particular, increase in contact resistance does not 
occur even in the case where the minimum width of the contact hole is small, that is, 
less than or equal to 1.2 ^im, and additionally, the barrier metal does not exist at this 
interface; therefore, stable contact resistance can be obtained regardless of a 
conductivity type of the region formed in the silicon substrate, and also, troublesome 

25 control for forming the barrier metal is not necessary. Thus, there are advantages in 
that the manufacturing process becomes easy, cost can be reduced, and throughput is 
increased. Moreover, since the edge of the contact hole is removed and the edge of the 
contact hole gently tapers at the same time in a step of forming the contact hole in the 
insulating film, step breakage of the aluminum alloy electrode film which is formed 

30 thereafter does not occur. Furthermore, the silicon oxide film that is formed on the 
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surface of the silicon substrate by the heat treatment after formation of the aluminum 
alloy electrode film is reduced by aluminum, and additionally, reduced silicon does not 
remain inside the contact hole; accordingly, the silicon oxide film does not exist in an 
end product. Thus, electrical conduction between the region formed in the silicon 
5 substrate and the electrode film through the silicon oxide film or the silicon nitride film 
by the tunneling effect as in the conventional one is not necessary. Therefore, low 
contact resistance can be stably obtained. As described above, according to the 
manufacturing method of the present invention, the yield can be significantly improved 
and throughput can be improved. 

10 

4. Brief Description of the Drawings 

FIGS. lA to F are cross-sectional views illustrating subsequent steps in one 

embodiment of the method for manufacturing the semiconductor device by the present 

invention. 
15 1: silicon substrate 

la, lb: damage layer 

2, 3: N-type region 

4: gate insulating film 

5: gate electrode 
20 6: interlayer insulating film 

6a, 6b: contact hole 

7: photoresist 

7a, 7b: opening 

8: aluminum alloy electrode film 
25 8a, 8b: source or drain wiring 
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